Untreated Wood Ash as a Structural Stabilizing Material in Forest Roads by Gerald Bohrn & Karl Stampfer
	 Original	scientific	paper
Croat. j. for. eng. 35(2014)1 81
 
Untreated Wood Ash as a Structural 
Stabilizing Material in Forest Roads
Gerald Bohrn, Karl Stampfer
Abstract
Due to the euphoric use of »green« energy produced by biomass power plants, up to 350 000 
tons of ash are accumulated as a waste product every year in Austria and the estimated costs 
for landfilling are 1.7 million € per year. For this reason, methods must be found for the utili-
zation of wood ash. One solution is to use it as a stabilizing material in forest roads. The 
pozzolanic characteristic of ash is used to bind the gravel in the road base. Wood ash is ex-
pected to reduce the need for gravel on forest roads and at the same time to enhance the load 
bearing capacity of forest roads.
Two different untreated wood ashes were used in two mixture ratios, each on a 50 meter long 
forest road section, to investigate the load bearing capacity. The ashes were selected by their 
different properties: high lime and low heavy metal content, production of ashes in Austrian 
biomass power plants with various furnace technologies and disposal costs. Mixing depth was 
0.50 m and the road base was covered by a 0.10 m thick surface layer. Elastic moduli of these 
sections were measured before the application, and repeated monthly by using a light falling 
weight deflectometer.
After the first vegetation period, the mean elastic modulus of the sections mixed with dry bed 
ash showed an improvement. The increase of the initial mean load bearing capacity of 
32.0 MNm-2 was 65% for 15/85 mixture and 76% for 30/70 mixture. The results for the 
fluidized bed ash sections fell short of expectations. Only 95% of the initial value could be 
reached for both mixing values.
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cultural or forested areas and mainly used by the land 
owners.	In	other	European	countries	public	use	of	low-
volume	roads	is	more	frequent	and	their	legal	frame-
works allow the use of alternative structural road ma-
terials	 like	wood	ashes.	Due	 to	mismanagement	of	
ashes in large road constructions and introduction of 
stricter	regulations,	there	had	been	some	setbacks	in	







untreated wood ash as a reinforcing structure material 























reached by constructing a bulky bearing layer of com-
pressible	gravel.
For	 an	 average	 subgrade	 elastic-modulus	 of	
20 MNm-2,	it	is	possible	to	reach	30	–	35	MNm-2 under 
dry	conditions	and	with	compaction.	Based	on	this,	a	









































research showed that a small addition of lime caused 
a	significant	improvement	of	strength	(Lahtinen	2001).
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Fig. 1 Layout overview
Fig. 2 WR2400 recycler during mixing process
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Table 1 Elastic modulus of all sectio
DBA–30 DBA–15 FBA–15 FBA–30 TWOA REF
Date mean N mean N mean N mean N mean N mean N
06.05.2010 19.996 39 29.934 12 18.220 27 16.653 36 21.256 6 36.554 24
12.05.2010 18.481 36 30.161 18 22.076 30 21.371 33 19.506 6 44.569 24
27.05.2010 22.392 33 31.701 27 22.167 30 17.897 33 13.027 6 44.619 24
23.06.2010 31.740 42 39.931 27 25.758 33 19.696 36 21.466 6 42.924 24
22.07.2010 51.373 36 42.607 24 41.996 33 36.162 33 41.190 6 62.766 24
23.08.2010 47.853 27 53.294 15 28.276 24 19.696 36 39.327 6 50.216 24
22.09.2010 56.360 48 52.937 27 30.300 39 30.241 48 32.049 6 49.666 24
04.11.2010 55.817 36 52.821 24 31.858 33 28.500 36 28.817 6 50.133 24
Fig. 4 Falling weight deflectometer TerraTest 3000
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Fig. 5 TerraTest 3000 in use
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The	measurements	were	 taken	on	 the	 trackway	
and	on	the	medial	strip	of	the	road	(Fig.	6).	The	reason	
for	this	layout	was	to	find	different	measurement	pa-





2.4 Traffic observation and load calculation
For	the	calculation	of	the	bearing	load	[t],	the	traffic	
was observed during the whole growing season from 





Fig. 6 Layout of elastic-modulus measurement depending on the 
surface location
Fig.7 Loads of the upcoming traffic
road.	For	 the	 load	detection,	a	 second	camera	was	
mounted	facing	the	opposite	direction.	The	pictures	
from the backside of the trucks were used to estimate 
their	load.	These	estimations	were	based	on	sample	
loads recorded on delivery notes of the saw mill and 
summed	up	daily.	A	total	of	3	570	tons	was	transport-
ed	on	the	road	during	the	observation.












mean elastic modulus of the whole forest road was 
measured before any treatment and had a mean value 
of	32.0	MNm-2.	The	elastic	modulus	of	the	treated	sec-
tions was reduced by the disaggregation of the mixing 
process.	It	took	approximately	three	months	for	each	
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Fig. 8 Climograph















sure	 that	 the	road	can	be	used	for	 traffic.	With	 the	
DBA,	it	is	possible	to	increase	the	elastic	modulus	by	
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Fig. 10 Comparison of elastic moduli of sections treated with and without ash
Table 2 ANOVA (Duncan Test) for results of 6 May 201
Section N
Subcategory for Alpha = 0.05.
1 2 3
FBA–30 36 16.65 – –
FBA–15 27 18.22 – –
DBA–30 39 20.00 – –
TWOA 6 21.26 – –
DBA–15 12 – 29.93 –
REF 24 – – 36.55
Significance 0.19 1.00 1.00
Table 3 ANOVA (Duncan Test) for results of 4 November 2010
Section N
Subcategory for Alpha = 0.05.
1 2
FBA–30 36 28.50 –
TWOA 6 28.82 –
FBA–15 33 31.86 –
REF 24 – 50.13
DBA–15 24 – 52.82
DBA–30 36 – 55.82
Significance – 0.46 0.20
paction	due	to	traffic	leads	to	higher	elastic	moduli	on	
the	trackways	could	not	be	verified.	The	mean	elastic	


























tor in forest road construction will be the cost in mon-
ey.	Long	term	observations	will	show	the	potential	of	
the	cost	effectiveness	of	this	reinforcing	method.
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Fig. 11 Mean elastic moduli depending on the surface location
4. Summary














modulus of the sections mixed with dry bed ash 
showed	an	improvement.	The	increase	of	the	initial	
mean	load	bearing	capacity	of	32.0	MNm-2	was	65%	






































Untreated Wood Ash as a Structural Stabilizing Material in Forest roads (81–89)   G. Bohrn and K. Stampfer
Croat. j. for. eng. 35(2014)1 89
Q4-285,	VÄRMEFORSK	Service	AB,	101	53	Stockholm,	75	p.	
ISSN	1653-1248.
Munde,	H.,	Svedberg,	B.,	Mácsik,	J.,	Maijala,	A.,	Lahtinen,	P.,	
Ekdahl,	P.,	Néren,	J.,	2006:	Fly	ash	in	civil	engineering,	Grav-
el	roads,	Värmeforsks	askprogram,	project	Q4-270,	VÄRME-
FORSK	Service	AB,	101	53	Stockholm,	90	p.	ISSN	1653-1248.
Stupaka,	I.,	Asikainen,	A.,	Jonsell,	M.,	Karltun,	E.,	Lunnan,	
A.,	Mizaraité,	D.,	Pasanen,	K.,	Pärn,	H.,	Raulund-Rasmussen,	
K.,	Röser,	D.,	Schroeder,	M.,	Varnagiryté,	I.,	Vilkriste,	L.,	Cal-
lesen,	I.,	Clarke,	N.,	Gaitnieks,	T.,	Ingerslev,	M.,	Mandre,	M.,	
Ozolincius,	R.,	Saarsalmi,	A.,	Armolaitis,	K.,	Helmisaari,	H.-
S.,	Indriksons,	A.,	Kairiukstis,	L.,	Katzensteiner,	K.,	Kukkola,	
M.,	Ots,	K.,	Ravn,	H.P.,	Tamminenj,	P.,	 2007:	 Sustainable	
utilisation	of	forest	biomass	for	energy	–	Possibilities	and	
problems:	Policy,	legislation,	certification,	and	recommenda-
tions	and	guidelines	in	the	Nordic,	Baltic,	and	other	Euro-
pean	countries,	Biomass	and	Bioenergy	31	(10):	666–684.
Tholen,	O.,	Sharma,	J.,	Terrel,	R.L.,	1985:	Comparison	of	Fall-
ing	Weight	Deflectometer	with	other	Deflection	Testing	De-
vices,	Transportation	Research	Record	N1007,	Nondestruc-
tive	Pavement	Evaluation	and	Overlay	Design.	p.	20–26.
Thurdin,	R.	2004:	Environmental	Impact	of	Bio	Fuel	Ash	in	
Road	Construction,	Mid	Sweden	University	Licentiate	Thesis	
9,	35	p.	ISSN	1652-1064.
von	Bahr,	B.,	Ekvall,	A.,	Schouenborg,	B.,	2004:	Quality	crite-
ria	for	bottom	ashes	for	civil	construction,	Värmeforsks	ask-
program,	project	Q4-143,	VÄRMEFORSK	Service	AB,	101	53	
Stockholm,	107	p.	ISSN	0282-3772.
von	Bahr,	B.,	Loorents,	K.,	Ekvall,	A.,	Arvidsson,	H.,	2006:	
Quality	criteria	for	bottom	ashes	for	civil	construction,	Part	
II	–	Technical	characteristics	of	bottom	ashes,	Värmeforsks	
askprogram,	project	Q4-282,	VÄRMEFORSK	Service	AB,	101	
53	Stockholm,	152	p.	ISSN	1653-1248.
Received:	October	16,	2013
Accepted:	February	10,	2014
Authors’	address:
Gerald	Bohrn,	MSc.*
e-mail:	gerald.bohrn@boku.ac.at
Prof.	Karl	Stampfer,	PhD.
e-mail:	karl.stampfer@boku.ac.at
University	of	Natural	Resources	and	Applied	Life	
Sciences	Vienna
Department	of	Forest	and	Soil	Sciences
Institute	of	Forest	Engineering
Peter	Jordan	Straße	82/3
1190 Vienna
AUSTRIA
*	Corresponding	author

